Little is known about respiratory tract infection (RTI) severity in children following consultation. Objectives. To investigate post-consultation symptom trajectories in children with acute cough and RTI and whether baseline characteristics predict trajectory group. Methods. Prospective cohort study of 2296 children (3 months-16 years) whose parents were invited to report cough severity and duration using a 7-point Likert scale. Longitudinal latent class analysis (LLCA) was used to identify post-consultation symptom trajectories in the first 15 days, and multinomial models to predict class membership.
Introduction
Respiratory tract infections (RTI) are frequent in children and a common reason for primary care consultations (1) . They are mostly self-limiting with low risks of complications, but represent the major indication for antibiotics prescribed for children internationally (2) (3) (4) , and this despite antimicrobial resistance being high on public health agendas (5, 6) .
Systematic reviews have demonstrated that diagnostic and prognostic uncertainty, and poor clinician-parent communication are major drivers of antibiotic prescribing for children (7) (8) (9) , suggesting that managing prognostic uncertainty and improving communication could reduce antibiotic use. Indeed, an internet-based training program for family physicians providing information on symptoms and the natural history of infections was found to be effective in reducing antibiotic prescribing for RTI in adults (10) . Interventions are also more effective when focused on specific symptoms (rather than generic messages about antibiotic overuse and resistance) (11) and when providing information about the natural history of RTIs (12) . The National Institute for Health and Care Excellence recommends that delayed antibiotic prescribing should include advice only to use antibiotics if symptoms worsen or do not settle in accordance with the expected course of the illness (13) .
While there is good evidence regarding overall RTI symptom duration in children (14) , we are not aware of any research investigating post-consultation symptom trajectories-and specifically whether children's symptoms worsen before improving, how commonly this occurs, or whether these children can be identified at the baseline consultation.
The aims of this study were to investigate (i) whether modelling prospective symptom severity and duration data in children presenting to primary care with acute RTI could identify distinct and clinically useful post-consultation symptom trajectories, and (ii) whether baseline characteristics can be used to predict trajectory group membership. In addition, we sought to describe the change in symptom severity the day after the consultation.
Methods

Participants
Participants were part of the 'TARGET' multi-centre prospective cohort study of children aged 3 months to under 16 years presenting to general practice with acute cough and RTI between July 2011 and May 2013. The study design (15) and main results (16) have been reported in detail elsewhere, but briefly, eligible children were recruited by prescribing 'clinicians' (family physicians and nurse practitioners) across four centres when they presented with an acute cough as the most prominent symptom, combined with other symptoms or signs suggestive of RTI. Here, we report a secondary analysis based on data from symptom diaries that the parents of children (n = 2296) recruited to the lead centre only (Bristol, UK) were asked to provide.
Symptom diary
Parents were invited to complete a symptom diary, the design of which was based on a previously validated diary (17) and successfully used in a previous study (18) . The presence of six symptoms (cough, shortness of breath, impaired sleep, being unwell, reduced level of activity and temperature) was recorded once daily in the diary (Supplementary Material S1) for the first 28 days postconsultation, or until all symptoms were scored 'normal' for two consecutive days, whichever was soonest. Symptom severity was scored from zero (normal) to six (as bad as it could be). Day of recruitment was defined as 'day 1'.
For the current analysis, we selected only the symptom 'cough' as it was the only diary item also required for study inclusion (and therefore the most prevalent symptom), and we considered it most representative of the overall illness.
Parents could complete the symptom diary either online or on a paper version. Online data entry had the advantage that validation rules were applied to prevent parents entering invalid data. Study team administrators telephoned parents up to three times to support diary completion during the first 7 days and then at least once a week until day 28 if no data had been obtained that week. On symptom diary completion, parents received a £5 high street voucher and a thank you letter. All diaries were checked for accuracy and completion, and two attempts were made to contact parents to clarify any data queries.
Baseline and follow-up variables
At the recruitment (baseline) consultation, clinicians completed a baseline case report form (Supplementary Material S2), which included 8 sociodemographic and 4 past medical history items, 24 parent-reported symptoms (including symptom severity; mild, moderate or severe in the 24 hours prior to consultation), 14 physical examination signs, and whether antibiotics were prescribed (immediate or delayed). Children's medical records were checked for chronic illness and RTIs in the 12 months prior to recruitment. Variables were excluded from analysis if they were rare in this population (present in <50 individuals). Symptom severity (mild/moderate/severe) was dichotomized between severe and other categories if more than 5% had severe symptoms, or between moderate/severe and mild if 5% or less had severe symptoms.
Statistical analyses
First, characteristics of children with and without symptom diaries were compared using the chi-square test for categorical variables and unpaired t-test for continuous variables. Subsequently, two sets of analyses were performed: (i) an analysis of initial change and (ii) a longitudinal trajectory model that utilized repeated symptom data. All analyses were carried out using Stata/MP 14.1 for Windows (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP) with the exception of the derivation of the trajectory model that employed Mplus version 7.4 (19) .
Analysis of initial change
For the analyses of initial change in symptom severity, we compared the severity of 'cough' reported in the symptom diary on the day of recruitment (day 1) and the severity reported on day 2. We accepted a difference of one point reflecting real change as we considered this to adequately discriminate severity on adjacent days. Associations in univariable analyses were tested by chi-square test.
Latent class models for longitudinal patterns of change
Longitudinal latent class analysis (LLCA) was used to derive distinct trajectories of cough (20, 21) . LLCA assumes that variability in response is due to a latent (unobserved) grouping. Starting with a single class, additional classes were added incrementally until the resulting model was deemed acceptable based on a range of statistical and substantive criteria. The resulting latent grouping was then used as the dependent variable in a set of multinomial regression models to study potential risk factors for class membership. For these analyses, we assigned each child to the class for which their assignment probabilities were greatest. Simulation studies indicate that such an approach may downwardly bias results when entropy (class separation) is low; however, in this instance entropy was 0.9, which is above the currently recommended guidelines for using this 'standard three-step' approach.
Two restrictions were made to maintain a reasonable ratio of sample size to number of parameters. First, we restricted our data analyses to the first 2 weeks post-consultation (when we anticipated most of the symptom severity change to occur), giving 15 days' repeated data. Second, the seven-category ordinal responses were collapsed into three-category variables indicating increasing severity: 'normal', 'very little problem' and 'slight problem' were combined and coded 0, 'moderately bad' and 'bad' were coded 1, and 'very bad' and 'as bad as can be' coded 2.
Preliminary results for the LLCA utilizing 15 consecutive days of data showed that the model was unable to capture the strong association between adjacent measures, even when many classes were included. This problem was most marked at the start and end of the 2-week timespan-that is, when most respondents are consistently ill or consistently well from one day to the next. To address this, we reduced the number of measures by taking only alternate days (days 1, 3, etc.) giving 8 days in all, resulting in no dramatic changes in either the class sizes or within-class patterns of change (Supplementary Material S3, LLCA models-model fit and comparisons).
Missing data
Parents were asked to record symptoms until they scored 'normal' on all symptoms for two consecutive days. As a consequence, there were missing values (by design) for all days after this. We inserted the value 0, 'normal', for all days following two consecutive days of 'normal'. In addition, a small amount of sporadic missingness was retained as the trajectory modelling can incorporate partially incomplete data using maximum likelihood (ML) estimation. As with multiple imputations, ML-based estimation is based on the missing at random assumption-namely, that conditional on the data in the model, there are no systematic differences between respondents and nonrespondents with reference to the variables with missing data.
Results
Baseline characteristics and comparison of symptom diary responders and nonresponders
Of the 2296 children recruited to the Bristol centre, 1408 (61.3%) had complete symptom diary data [1214 (86%) paper, 194 (14%) online; Fig. 1 ]. Of these, 742 (53%) were male, mean age was 4.2 years, 1251 (89%) were White and the mean pre-consultation illness duration was 7.7 days (Table 1 ). Children with and without complete symptom diaries did not differ with respect to these baseline characteristics, parent or clinician global illness severity scores or antibiotic prescribing (Table 1 ). However, compared with nonresponders, responding mothers were more likely to be older, live in less deprived areas, have breastfed at 3 months and not smoke ( Table 1 ).
Analysis of initial change
There were missing diary data on severity of cough for the day of recruitment in 21 children, and they were excluded for the analyses on initial change in severity.
On the day after consultation (day 2), the vast majority of parents reported children had the same (61%) or improving (31%) cough severity, with 7.5% reporting a deterioration ( Table 2) . Younger age (<2 years) was associated with worsening cough severity from day 1 to day 2, whereas moderate-to-severe shortness of breath in the 24 hours prior to consultation, severely disturbed sleep in the 24 hours prior to consultation, or inter-/subcostal recession observed by clinician were associated with improved cough severity (Supplementary Table S1 , univariable analyses of change in cough severity).
Analyses of longitudinal patterns of change
Five post-consultation symptom trajectories were identified ( Fig. 2) , showing distinct patterns of cough severity and duration, which varied with regard to (i) initial symptom severity, (ii) severity change immediately following consultation, and (iii) symptom duration. 'Very rapid recovery' (to which 28.5% of children belonged) had the lowest initial symptom severity (0.8/2) and had reached average severity scores of zero by day 3. 'Rapid recovery' (37.7%) and 'intermediate recovery' (18.2%) had slightly higher initial severities (1.2/2 and 1.5/2), with longer recovery times-7 and 11 days respectively. 'Persistent symptoms' (9.5%) started with moderate severity and showed little change for 10 days. Finally, 'initial deterioration with persistent symptoms' [the group to which the smallest percentage (6.0%) belonged] had both the highest severity starting point and the slowest recovery rate.
Multinomial modelling
A total of 33 explanatory variables were investigated (Table 3 ). Children whose parents reported severe cough in the 24 hours prior to consultation were more likely to be assigned to trajectory groups with more severe and longer lasting cough in a ranked manner, but this pattern was not observed when differentiating between different types of cough (dry, productive, barking). Assignment to the initial deterioration with persistent symptoms group was associated with severe barking cough and severely reduced energy in the 24 hours prior to consultation, along with parental assessment of illness severity in the top quartile at the consultation. Children assessed by the clinician to be in the top quartile were more likely to be in the intermediate recovery group. Also, moderate-to-severe wheeze in the 24 hours prior to consultation, and fever, pallor or crackles observed by the clinician were associated with trajectories with more severe and longer lasting cough than very rapid recovery. However, there was no systematic assignment to one or more trajectory groups.
Discussion
Summary
We found novel evidence of five distinct classes of post-consultation symptom trajectory in children presenting to primary care with acute cough and RTI, and four could be ranked according to severity and duration of symptoms. Only a few baseline characteristics were associated with trajectory group membership, but for most of them the association was weak and did not correspond with how the trajectory groups could be ranked. Severe cough in the 24 hours prior to consultation was associated with trajectory groups with more severe and longer lasting cough in a ranked manner. The majority of children showed no evidence of symptom deterioration post-consultation. Increased symptom severity on the day following consultation was reported in 7.5% of the children and 6% were assigned to the initial deterioration with persistent symptoms group.
Strengths and limitations
To our knowledge, this is the first study to use LLCA to identify different symptom trajectories in RTI in any age group. The study was rigorously conducted and used a large, prospective cohort study to measure severity and duration of symptoms following consultation for acute cough and RTI in children. This is a secondary analysis and therefore no formal power calculation was performed. Multiple variables were analysed to explore possible associations, and the size of some of the groups and rarity of some symptoms limit our interpretation. In the 24 hours prior to consultation.
We are aware of two main weaknesses. The first is the relatively high symptom data attrition at 39%, which is comparable with other studies relying on patient-reported outcomes (22, 23) . There is a risk that symptom trajectories could differ in the groups with and without symptom diaries, even when children's baseline characteristics, including illness severity and clinician's management, were similar in the two groups. Parents were more likely to respond if they lived in affluent areas and the results could therefore be vulnerable to bias as children residing in deprived areas could have different symptom trajectories, for example as a result of less adequate nutrition or other factors. That said, we did not find evidence of deprivation being associated with trajectory group membership or initial change in cough severity, but may lack power to reliably rule out an effect.
The second is the potential for confounding and performance bias effects of antibiotic treatment. Previous studies have shown limited benefit of antibiotics for children with acute cough and RTI (24) . It is still possible that clinicians' selection of children for antibiotics could have altered their subsequent outcome, so-called confounding by indication. Indeed, a separate analysis that used propensity scoring to adjust for confounding by indication (paper submitted for publication) has shown that delayed (but not immediate) antibiotic prescribing reduced subsequent consultations for illness deterioration. Moreover, parents knew whether their children were given antibiotics, and it is possible that this knowledge changed, perhaps improved, their perception of symptom severity.
Interpretation/comparison with existing literature
We have applied a novel approach to an extensive data set on symptom severity in children following consultations for RTIs. Previous studies have focused on duration only and the results from studies up to 2012 have been summarized (14) . The findings of this study complement the existing knowledge on symptom duration by also incorporating symptom severity. We have made some concessions to be able to use latent class analyses to model trajectories. The values on the Likert scale are collapsed from seven to three, and we restricted the analysis to the first 15 days post-consultation. Most RTI-related symptoms (earache, sore throat, croup and symptoms related to bronchiolitis and the common cold) resolve within 15 days, the exception being cough which can last up to 25 days, although 80% resolve within 15 days (14) . The duration described in the model is therefore not directly comparable to previous studies on duration.
Implications for clinical care and research
Numerous interventions have been designed in an attempt to reduce unnecessary antibiotic prescriptions in primary care (11) . Those that aim to direct prescribing, such as computer decision support 'popups' or feedback reports, are popular among health authorities and policy makers, but show little effect (25) . There is also emphasis on developing and implementing better guidelines. However, research shows that a major implication of new guidelines has been for clinicians to shift towards more unspecific diagnoses where treatment decisions are not strongly regulated (2) . This suggests that other strategies are required to reduce antibiotic prescribing.
Increased knowledge of the natural history of infections will aid patient assessment, communication with patients and carer, treatment decisions and safety netting information (8, 9) . We have found that distinct symptom trajectory groups exist, but it is not possible for clinicians to differentiate between groups using clinical presentation at the point of care. Parents and clinicians can be reassured that a minority (around 1 in 14) of children deteriorate post-consultation and that the vast majority show steady improvement, albeit at different rates. This provides support for clinicians to more often watch and wait rather than to prescribe antibiotics for children with RTIs.
The UK guidelines recommend that delayed antibiotic prescribing should include advice to only use antibiotics if symptoms worsen or do not settle in accordance with the expected course of the illness (13) . Our results suggest illness deterioration should be a relatively low contributor to the cashing of delayed antibiotics, and as children with initial deterioration show later improvement advice about using antibiotics should also include information about signs suggesting bacterial and more serious infection.
Conclusions
Five distinct symptom trajectory groups were identified showing the vast majority of children improve post-consultation, albeit from different levels of baseline severity. Only one group (6% of the patient population) showed any post-consultation illness deterioration, and baseline characteristics were not strongly associated with membership of this trajectory. Knowledge of the existence of different trajectories will aid clinicians in the management of children with acute cough and RTI.
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Supplementary data are available at Family Practice online.
